The Big Bang generated photons, which scattered frequently in the very early Universe, which was opaque. Once recombination happened the photons are scattered one final time before travelling unimpeded to Earth. The spectrum we observe corresponds to a blackbody spectrum centred at 1 mm.
Redshift
The redshift of an object is a measure of how fast it is moving away from us.
Redshift is related to the scale factor of the Universe .
The microwave background is an almost perfect blackbody spectrum. The peak wavelength of that spectrum depends inversely on temperature.
Wavelength is proportional to (1+z) so temperature is proportional to (1+z).
T = T(z=0) (1+z)
The temperature and redshift zero is T(z=0) = 2.7 K We can describe moments in the history of the Universe in terms of redshift or temperature. For example, at a redshift 1000, the temperature of the Universe is 2700 K.
We can also describe moments in the history of the Universe in terms of time. This conversion requires some assumptions about the underlying physics and cosmological parameters. Describing the Universe in terms of temperature and redshift is better because it is only based on the assumption that the Universe is expanding.
Thermal History
Temperature is proportional to (1+z) and scale factor is inversely proportional to (1 + z) so the relationship between temperature and scale factor will be a straight line with negative gradient. This relationship only depends on the expansion of the Universe and is not depend on the laws of physics or the cosmological parameters.
The relationship between the scale factor and time is more complicated. This comes from the cosmological field equations which depend on the laws of physics (specifically, general relativity, plus the Robertson Walker metric and the equation of state) and the cosmological parameters.
The most important thing turns out to be the amount of energy density and the way it is partitioned into different components, each with its own equation of state.
Scale factor
The dominant form of mass energy is different at different times in the history of the Universe, and that determines the expansion rate.
Currently the Universe is dominated by dark energy, which has a ratio 70:30 of energy density relative to normal matter, either baryonic or cold dark matter.
About 4 billion years ago, the ratio of the two was 50:50.
Before that, normal matter dominated.
The matter density depends on redshift as 1/(1+z) 3 The radiation density depends on redshift as 1/(1+z) 4 The dark energy density does not depend on redshift As the Universe expands, the radiation density goes down quicker than the matter density. Today, the ratio of the two is small, but at some point in the history of the Universe (aged less than about 100,000 years) radiation dominates over matter and the radiation energy density determines the expansion.
Cosmological Timeline
Most physical processes have an associated energy or temperature.
For example, nuclear reactions require temperatures of millions of Kelvin, as in the centre of the Sun.
Therefore nucleosynthesis happens when the temperature of the Universe about 1 million Kelvin, which happens after a few minutes. Earlier than this, nucleosynthesis does not proceed because the quarks have not yet condensed into baryons. This depends on the physics of the strong nuclear force .Later than this, nucleosynthesis does not proceed because the temperature is too low.
Gravity is the exception in classical physics in that it is not affected by temperature but there may be some energy or temperature scale were gravity becomes indistinguishable from the other forces.
Planck time
The Planck era is the time when the four fundamental forces of nature (electrostatics, weak, strong, and nuclear) forces are indistinguishable. It is characterised by combinations of fundamental constants.
This energy corresponds to a temperature 10 32 K.
This was the first short period of time following the Big Bang. We think it would have been characterised by enormous energy fluctuations on tiny scales. This is several orders of magnitude away from what we can measure. The smallest time interval uncertainty with current instrumentation is about 850 zeptoseconds (1 zs = 10 -21 s).
A theory that describes this era must be able to explain why the four separate forces appear out of a single entity when the universe expands enough that the temperature falls below 10 32 K.
The leading theory that describes this time is the superstring theory. A superstring is an exchange "particle" for the unified forces that is a two-dimensional entity, not quite like as are exchange particles in conventional theories.
Superstring theory
Lengths smaller than the Planck length cannot be divided into smaller lengths. The classical concept being able to divide a length it to smaller subunits is no longer valid. There is no such thing as half the length of the superstring.
When the Universe cools to below 10 32 K, gravity separates from the other forces. Most theories predict that the exchange particle for gravity, the graviton, has a fundamentally different structure from the other exchange particles (the gluon, the W and Z bosons, the photon).
GUT era
The GUT era began when the Universe expanded to temperatures lower than 10 32 K and the gravitational force became distinct from the other three. This happened when the Universe was 10 -43 seconds old.
It ended when the Universe had expanded and cooled to 10 27 K (energy 10 15 GeV) and the strong force became distinct from the electroweak force. This happened when the Universe was 10 -29 seconds old.
These energies are still many orders of magnitude greater than anything we can study experimentally. The highest energy reached at CERN is 13 TeV = 13,000 GeV.
The GUT theories are mathematical with no direct experimental verification. We can have a little more confidence in these theories that the theories that describe the Planck era in the sense that there are fewer phenomena that have to be described by a single underlying phenomenon.
During the GUT era, there were two distinct forces, gravity and the GUT force.
At the end of the GUT era, as the strong and electroweak forces separate, the asymmetry between the amount of matter and the amount of antimatter was created.
At this time, large amounts of energy were released, which is thought to have driven cosmic inflation.
Inflation
The Universe increased its linear size by a factor about 10 30 (60 e-foldings) in a short period of time when it is 10 -36 seconds old.
This solves three important problems

Horizon problem
Why is the Universe so uniform? When we look at the microwave background over this time, it is always exactly the same to one part in 100,000, even in regions that were never causally connected in the standard model.
Flatness problem
Why do the cosmological parameters have values which force the Universe to be perfectly flat, with all components summing exactly to the critical density?
Unwanted relics problem GUT theories predict a large number of defects like magnetic monopoles, yet these are never observed.
During inflation, the scale factor expands exponentially.
R ~ e Ht
The expansion rate H depends on the vacuum energy density, which is described by a scalar field. This expansion equation is similar to the contribution made by dark energy to the current expansion rate. The difference is that the value of H is much lower today. This is because there is much less energy in the false vacuum today. This follows from a much weaker scalar field. 
Field theory
Describe physical phenomena in terms of the interaction between fields and matter. Classical examples are gravitational fields, electric fields, magnetic fields. All particle physics is described by field theories.
Scalar field
• Each point in space corresponds to a single number.
Vector field
• Every point in space is represented by two numbers.
Vector calculus operators
Field theories in physics
• Physical quantities normally depend on the derivatives of a field.
Lagrangian
The Lagrangian is a property of fields that is minimised to generate what is observed. It is calculated from the energy properties of the field, for example, the potential energy V For example, minimising the Lagrangian in mechanics gives the trajectory of a particle. It is an alternative way to solve problems to Newtonian mechanics.down on
Vacuum energy density as a scalar field
The vacuum energy density is described by a hypothetical scalar field f called the inflation.
A potential V(f) is hypothesised and the Lagrangian is calculated.
The potential V(f) must satisfy some constraints 1) Inflation must be allowed to end and produce something which evolves into today's Universe. We need some mechanism to control why it does not go on forever. 2) We also need some mechanism to explain why inflation happened at the end of the GUT era. 3) In the GUT era there would have been large energy fluctuations. These need to inflate into the CMB anisotropies which turn into galaxies.
Cosmological constant
Whatever the form of V(Q), w= -1 for a static dark energy field.
Physical properties like the energy density of the field, depend on V(Q).
Electroweak and particle eras
The electroweak era began when the Universe had expanded and cooled to 10 27 K (energy 10 15 GeV) . The strong force became distinct from the electroweak force so there are three fundamental forces. This happened when the Universe was 10 -29 seconds old.
Stable isolated gluons could no longer exist so the quarks could become confined into baryons and mesons. The most common baryons were protons and neutrons.
The asymmetry between matter and antimatter was set during baryogenesis because most of the mass density of the Universe is in baryons.
At this time, the Universe was filled with quarks, baryons, mesons, and W and Z bosons.
The electroweak era ended when the Universe had expanded down to about 100 GeV, when the Universe was about 1 ps old. The weak nuclear force became distinct from the electrostatic force and isolated W and Z bosons could no longer exist.
At about 10 -6 seconds, the temperature had cooled down to 10 13 K and all the quarks were permanently confined into baryons. The matter asymmetry in the Universe was set at this time.
